Method and system setup
Hydrogen atom closest to base (PPi:O1). 3 Water-mediated proton transfer reaction from cation to PPi. The concomitant decrease of the H wPPi:O1 distance occurred spontaneously when varying the indicated reaction coordinate.
IRC-like calculation
An IRC-like calculation makes use of an approximate IRC procedure. In an IRC-like calculation, a fraction of the normal mode eigenvector corresponding to the imaginary frequency of the transition state is added to (or subtracted from) the structure of the transition state. The new structure is subjected to an unconstrained geometry optimization, and the resulting structure is visually inspected to confirm that it is the reactant or product.
Reaction step
Reaction coordinate used for scan GGPP-A O1-C1 distance A-C C1-C14 distance C-F chair (C10-H10) -(H10-C2) distance difference C-D1 chair (C10-H10) -(H10-C6) distance difference F chair -F boat Dihedral angle C12-C13-C14-C15 F chair -D1 chair / F boat -D1 boat (C2-H10) -(H10-C6) distance difference D1 boat -D2 boat Dihedral angles C3-C4-C5-C6 and C4-C5-C6-C7 (simultaneously) D2 boat -E C_chair C2-C7 distance E C_chair -E C_boat Dihedral angle C20-C3-C4-C5 E C_boat -E2 C_boat O1-C4:Hβ distance E2 C_boat 
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Figure S2
The five different setups C:WxEx taken from the MD simulation of the TXS C complex [1] . There are one (W1) or two (W2) water molecules between Y835 and PPi:O1. C830 interacts with W753 (E1) or C830 points away from W753 (E2). Most hydrogen atoms are omitted for clarity. Table S2 QM energies relative to cation C (ΔE in kcal/mol) for single-point calculations and for (re)optimizations of the published HT-QM structures [2] with different methods.
Results of QM study
1
Stationary Point Method
Re-optimized structures Single-point calculations
The published HT-QM structures [2] were re-optimized with different methods (see Method section in the main text and Table S1 ). For cation A the structures obtained with M06-2X/6-31+G(d,p) and M06-2X/TZVP deviated from the HT-QM structure with an RMSD of 0.37 Å for the aligned carbon atoms. For cation B the structure is already more similar to the HT-QM structure (RMSD of 0.12 Å) and the further the reaction progresses, the smaller the differences between the HT-QM (starting) structure and the re-optimized structure, indicated by RMSD values of 0.06 Å and less for cation D2 and cation E.
Because of conformational changes during re-optimization, a connected pathway between the optimized structures of cation A and cation E is no longer guaranteed, and optimizations for the transition states TS(A-B), TS(B-C), and TS(D1-D2) do not converge at all levels of theory applied. For comparison to QM/MM data we therefore use the data from the M06-2X/6-31+G(d,p) single-point calculations. Comparison of the results for M06-2X/6-31+G(d,p) and M06-2X/TZVP shows that basis set effects are generally small.
Table S3
QM energies relative to cation C chair (ΔE in kcal/mol) for structures of different cations optimized with the A ring (C, F, D1, and D2) and the C ring (E and E2) in chair-like and boat-like conformation.
Cation
Conformation of A or C ring Chair Boat 3 During optimization, the structure converts back to the chair-like conformation. 4 Species E C_boat and E2 C_boat differ in the orientation of the cation in the binding pocket. As expected, in the gas phase, their energies are comparable. 5 NC = not calculated; these structures convert to chair-like conformation during optimization at the M06-2X level, and hence the expensive CCSD(T) calculations were not performed. 6 E2 C_chair is not observed in the QM/MM calculations.
Table S4
QM energies (ΔE in kcal/mol) for the different (side) products optimized with the A ring (products V-V2) and C ring (products T, T1) in chair-like and boat-like conformation.
1 1 Energies are given relative to the main product T C_boat (taxadiene with the C ring in boat-like conformation). 2 Optimizations start from the geometries of the products as found in the QM/MM calculations. 3 Singe-point calculations on M06-2X/6-31+G(d,p) optimized structures. Relative energies do not include ZPE corrections 4 NC = not calculated. We did not find cation TXS C boat which suggests that product V boat may be unlikely.
Product
Conformation of A or C ring Chair Boat
M06-2X/ 6-31+G(d,p) 2 DLPNO-CCSD(T)/ def2-TZVPP 3 M06-2X/ 6-31+G(d,p) 2 DLPNO-CCSD(T)/ def2-TZVPP 1 T 54.7 54.1 0.0 0.0 T1 6.0 5.1 3.3 3.4 V -0.4
GGPP → E QM/MM reaction profile
Figure S3
Partitioning of the QM/MM energy into QM (green) and MM (purple) components for setup W1E2 (see Figure S2 ). The QM energy component of the QM/MM energy includes the electrostatic interaction between the QM region and the MM region (electrostatic embedding, see Methods section in the main text). In black: contribution of PPi to the QM energy as calculated using an electrostatic perturbation approach [3] - [5] . In blue: the reference energies from M06-2X/6-31+G(d,p) single-point calculations on the HT-QM structures. Energies are given relative to cation C. A similar profile of the PPi energy contribution to the QM/MM reaction profile is expected for all other setups, since the variation of the interatomic distance between the center of the positive charge of the cations and PPi is similar along all computed reaction profiles. 
Figure S4
Overlay of HT-QM cation structures (green) and WxEx (see Figure S2 ) carbocation structures (magenta). Hydrogen atoms are omitted for clarity.
Figure S5
Left: scan from F boat to C boat for setup W1E1. Between points 2 and 3 the A ring changes from boat-like to chair-like conformation. Right: scan from C chair to C boat for setup W1E1. Though point 4 clearly is C boat , it is not a minimum and optimization leads back to C chair .
Figure S6
Left: W1E1:D2 boat as observed on the catalytic pathway (see Figure 4 of the main text). Right: W1E1:D2 boat after internal rotation around the C3-C4 bond. As can be seen, this will lead to the wrong orientation of H2 in the final product (see Figure 1 of the main text). Most hydrogen atoms are omitted for clarity. HT-QM:B, W1E2:structure 2 Figs. S9-S10 for atom labels. 2 Average over W1E1 and W2E1. 3 Average over W2E2 and W2E2C. 4 Hydrogen atom closest to base (PPi:O1).
Figure S9
The TXS E2 C_boat complex from snapshot W1E2E showing all relevant labels for Table S8 . [1] , an additional snapshot of TXS E2 C_boat was taken, W1E2E. The other snapshots correspond to setups described in Fig. S2 .
Table S9
QM/MM energies (in kcal/mol) of the reaction profile computed for the conversion of C to T using the TXS E2 C_boat snapshot, W1E2E. For comparison, the data reported by Ansbacher et al. [6] using the FHM is shown. Energies are given relative to the The TXS C complex found by back propagation for W1E2E has a different orientation in the binding pocket than the setups taken from the MD simulation of the TXS C complex [1] (see Table S10 ). 2 An energy value for this complex is not reported in [6] . 5.8 9.7 9.4 7.7 9.7 7.1 1 X=11 for cation C; X=7 for cation D1 and X=3 for cation F. Labels can be found in Fig. 3 of the main text and Figs. S12b and S12d. 2 For W753 and Y841 we report the distance between CX + and the centroid of the heavy ring atoms. 1 Results are only reported for the setups for which the indicated reaction was found. These setups are specified in the footnotes below. 2 Atom labels can be found in Figures 1 and 3 of the main text. 3 Average over W1E1, W1E2, and W2E1. 4 Average over W1E2, W2E1 and W2E2C. 5 Average over W1E1,W2E1, W1E2, W2E2, and W2E2C. 6 Average over W2E2 and W2E2C. 7 Hydrogen atom closest to base (PPi:O1). 8 NF = not found; scan does not pass a transition state, but continues to rise in energy (like Fig. S5 right) .
Deprotonation data
Table S12
Average barriers and reaction energies (in kcal/mol) of the expected preferred deprotonation pathway of TXS C (a water-assisted proton transfer to PPi yielding V) and of TXS F (deprotonation either directly by PPi or by a water-assisted proton transfer to PPi to produce either V1 or V2). Standard deviations are given in parentheses. 1 Results are only reported for the setups for which the indicated reaction was found. These setups are specified in the footnotes below. 2 Atom labels can be found in Figures 1 and 3 of the main text. 3 Hydrogen atom closest to base (PPi:O1). 4 Average over W1E1,W2E1, W1E2, W2E2, and W2E2C. 5 Average over W2E1, W2E1F1 and W2E1F2 (two new snapshots of cation F taken from MD of TXS F). New snapshots were selected based on cation F configuration and the orientation of C20:H and C2:H with respect to O1 to sample all the deprotonation pathways observed during the MD simulation [1] . They are numbered from F1 to F6 and labeled using standard naming conventions for the water network and NTRC orientation, e.g. W2E1F1 has two water molecules between Y835 and PPi:O1 and NTRC orientation E1. 6 Average over W1E1 and W1E1F3. 7 Data for setup W2E1F4. 8 Data for setup W1E2F5. 9 Average over W1E1, W1E2, W2E1, W2E2 and W2E2F6.
Table S13
Based on the computed distances, the direct and water-mediated deprotonation by PPi:O1 to side products V, V1 and V2 seem unlikely for structures on the pathway from the However, in the wild-type product distribution, CM is not detected. [7] 5. Differences between the SHM and the FHM a b c d
Figure S12
Plots a) and c) correspond to figure 3a from Freud et. al. [8] and 2c from Ansbacher et al. [6] respectively; residue labels have been added. Plots b) and d) depict setup W1E1:C; structures have been rotated to facilitate comparison with a) and c). Plots b) and d) highlight the same residues as plots a) and c). In d) water molecules are omitted for clarity.
Number of water molecules
While the setup with the FHM (Fig. S12a) contains a single active-site water molecule, the setup with the SHM (Fig. S12b ) has 4 water molecules within 3 of the carbocation.
Orientation of the substrate in the binding pocket
The orientation of cation C in the binding pocket is very different in Figs. S12a and S12b, while the location and orientation of cation C in the binding pocket is similar in Figs. S12c and S12d. Since Figs. S12b and S12d show the same setup, the orientation of cation C in Figs. S12a and S12c must be different in the two published studies. [6, 8] The differences between our setup and the setup in [6] are significantly smaller than those with setup [8] , but they are not negligible. For example, in the FHM from [6] the positive center at TXS C:C11 forms a π−cation interaction ith Y841 [6] (no distance reported), while in the SHM the C11 + ···Y841 distance is 5.8 (see Table S10 ), so the π−cation interaction is very weak.
Structure of binding pocket
Both R578 (A-C loop) and D839 (J-K loop) are located o er 1 .
away from PPi in the SHM, while the former residue interacts directly with the PPi moiety in the FHM and the latter makes a water-mediated hydrogen bond with PPi. Therefore it appears that the A-C (G570-H579) and J-K (F837-E846) loops are positioned differently leading to different active-site architectures.
